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ON THE CHEMISORPTION OF CARBON DIOXIDE BY REDUCED IRON. CIl)'
The Influence of the Chemisorption on van der Waals' Adsorption of Carbon Dioxide at 0°C.
By KIMIO KAWAKITA.
In a study of the catalytic decomposition of carbon monoxide, the author found an interesting phenomenon at 3oo°-4oo°C. that, carbon dioxide (the reaction product) being adsorbed on reduced iron, the final pressure of the reacting system became nearly zero. In his preceding report" the author proposed such heterogeneous chain reactions as (i) Fc+(CO,)A.I,.=FexO1+(CO)A1a.
(ii) 2(CO)Ad,,=C+(CO_)Ad,, to be brought forth by the action of sonic carbon dioxide molecules on the iron atones, and he demonstrated the reactions with sonic evidences. In this case, it was ascertained that reaction (i) was brought forth by the iron atoms at highly active centres, and reaction (ii) even at less active centres. The relation between activated adsorption of gases at high temperatures and their van der Waals' adsorption at low temperatures has lately been investigated by J. Howard-'l with the chromium oxide-hydrogen system and by R. M. Barrer and E. K. Rideal'" with the charcoal-hydrogen system. In the present research, the relation between the chemisorption at high temperatures and van der Waals' adsorption at o°C. and the influence of the chenusorption on the catalytic surface were examined, and it is the author's intention to report the experimental results and a new phenomenon which those investigators have not observed.
Experimental.
The measurement of the adsorbed amount was made by means of the pressure change statically. The main part of the apparatus used is shown in Fig. t . Two spring manometers m nsa.ur T r baroa.n [A] is the adsorption isotherm at ooC. on the fresh surface of the catalyst; [B] that on the surface which beforehand chemisorbed a considerable amount of carbon dioxide at 300°-400°C. and was pumped off at the same temperatures ; and [C] that on the surface which beforehand chemisorbed a small amount of carbon dioxide at 36o°C. and was not pumped off. In Pig. 2, it should be noted that the amount of van der Waals' adsorption of [B] is far greater than that of [A] . Such a phenomenon as increase in van der Waals' adsorption due to this chemical treatment of the catalyst at high temperatures has never been observed. KIMIO KAWAKITA. VoL %II -s V and V' were used. The lower part of one Tom NDer of the manometers V was the reaction vessel to hold the catalyst and that of the other V' the vessel to hold the gas, and the capacities of V (excluding the catalyst) and V' had been previously measured. The gas was introduced from v the latter to the former . The adsorbed amount "6` was given by deducting the amount of gas left ~T oa.v in the reaction vessel from the gas introduced.
arar Sorption Apparatus. At high temperature experiments, the reduction and degassing of the catalyst, and the chemis, an electric furnace was used. The temperature of van der wails' adsorpo°C. with ice water. The methods of preparing reduced iron and carbon one as described in the preceding paper. . The isotherms at o°C. on the fresh surface were obtained with catalysts. The conditions of preparing these catalysts are given in Table I . . Employing Catalyst i, van der Waals' adsorption at o°C. was after carbon dioxide had been cliemisorbed at 36oo-44o°C-and the vessel evacuated at various teamferatnres. The experiments were carried times, the experimental conditions being given in Table 2 . The results are shown in Fig. 3 . In short, as shown in Fig. 4 , when evacuation was done at 360°-4400C. after the chemisorption, the amount of van der Waals' adsorption in the case of (ii) is markedly greater than that in the case of the fresh surface (i). When evacuation was done at o°C. after the chemisorption, van der Waals' adsorption in the case of (iii) is less than that in the case of the fresh surface (I). §3. [C] . Employing Catalyst 2 van der Waals' adsorption at o°C. was observed, after carbon dioxide had been chemisorbed at 360°C. and the reaction vessel not evacuated. The experiments were carried out 4 times. The results are shown in Fig. 5 . Expt. I in Fig. 5 is the isotherm at o°C. on the fresh surface of the catalyst ; Expt. Ir is the isotherm at o°C. in 24 hours' evacuation at o°C. after Expt. I, and it shows that the isotherms are reproducible. The reaction vessel being fully evacuated after Expt. I', carbon dioxide was chemisorbed at 360°C. and when the final pressure approached zero, van der Weals' adsorption was measured at o°C. without evacuation. The result is shown in Expt. 2. Expt. 3 was carried out in the same way after Expt. (ii) Isotherm at o°C. On the surface which beforehand chemisnrlred a considerable amount of CO. al 300°.-5oo°C. and was pumped off at roo'--5oo°C.
(iii) Isotherm at o°C on the surface which beforehand chemisorbed a considerable amount of COI at 300 5oo°C. and was pumped off at o°C:- The fraction of the surface covered with gaseous molecules and the total number of the elementary spaces of tine surface will be calculated from the results shown in Figs. 3 and 5, and then considerations on these will be made. where Q is the adsorption amount, S the whole area of the surface and a a proportional factor. Applying Langmuir's isotherm to the value 0" we have the linear relation between p/Q and p, from which we can calculate the value a, and then 0, and N0S can be easily evaluated from equation (2) as will be explained below.
Calculation of the Proportional Factor a.
Let tts see whether the isotherm experimentally obtained at o°C. From these inclinations the values 1/a are given and hence the values a are obtained. The values a of Expts. I-t6 in Fig . 6 are given in Table 3 and those of Expts. I, I', 2 and 3 in Fig. 7 are tabulated in Table 4 . Q in Figs. 6 and 7 is expressed by cubic cen imeter and so is a in Tables 3 and 4 . Therefore a in equation (2) corresponds to a/22412. Calculation of B, and ATOS for van der \'aals' adsorption at o°C. And A,,S is obtained from equation (2) Table 3 are Oven in Table 5 and those from Table 4 are in Table 6 Table  6 .
with Adsorbed Molecules, 6" and Total Number of Elementary Spaces, N0S. It should be noted in Table 5 that NS of all the experiments except Expts. to and 15 is larger than that of Expt-i. In Expt. u, the total number of the elementary spaces became about twice as many as that of the fresh catalyst. On the other band, it is seen in Table 5 that 0, is not so influenced by the chemisorption, being 0-go-o.96 (at i5omm. Hg.) except in Expts. 8, to, 15 and [6. This shows that the increase in van der Waals' adsorption due to the cheniisorption (2) Thus, it has been pointed out that increase in van der Waals' adsorption due to the chemical treatment at high temperatures in the case of [B] is ascribed to increase in the total number of the elementary spaces.
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